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ABSTRACT
M aterial Characterization of Asphalt Binder Using Ultrasound Testing
hy
/Anand ]<hshnan
Dr. M oses Karakouzian, Examination Committee Chair 
Professor of Civil Engineering 
University o f Nevada. Las Vegas
The Non-contact ultrasound (NCU) technology was used as an alternative to 
characterize the physical properties of asphalt binder. The objective of this research is lo 
correlate the physical properties of asphalt binder with non-contact ultrasound 
measurements. The physical properties of asphalt binder are viscosity and penetration. In 
this study two types of AC 30 and AC40 asphalt binders are used. For each type of 
asphalt binder there are original and aged samples. The non-contact ultrasound 
measurements are integrated response (IR) and wave velocity (Vm). The IR is the 
attenuation value of the area underneath the signal wave measured in decibels and can be 
used to measure the amount of ultrasonic energy transmitted or reflected from a test 
material. The wave velocity is the velocity of the ultrasound when it passes through the 
material. The results show that IR can be correlated with physical properties; however 
wave velocity does not correlate well.
m
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CHAPTER 1 
INTRODUCTION
Asphalt binders have typically been designed in Hot M ix Asphalt (HMA) with 
empirical design experience. Field expeiiencc has been used to determine whether 
laboratory analysis correlates with the pavement performance. However, even with 
proper adherence to these procedures and the development of mix design, good
performance could not be assured. W ith the advent of HMA in modern times, the binder 
properties are given more importance in design. The asphalt binder binds the aggregate 
with sub-base in flexible pavements. The laboratory tests related to asphalt binder were 
based on physical properties which show how it will perform as a constituent in HMA. 
The physical property which defines asphalt binders are viscosity, penetration. The 
challenge in physical property characterization is to develop a physical test that can 
satisfactorily characterize key asphalt binder properties and how they change throughout 
the life of an HMA pavement.
The latest development in non-contact ultrasound (NCU) testing provides a viable 
alternative to physical property tests for characterization of asphalt binder. Ultrasound 
testing uses high-frequency sound waves to produce images of the material. Useful 
information like integrated response (IR) and wave velocity can be quantified and 
correlated with binder's physical property. The IR is the attenuation value o f the area 
underneath the signal wave measured in decibels and can be used to measure
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ihe ainouni o f ultrasonic energy transmitted or reflected from a test inaterial. The physical 
properties, like viscosity, penetration, are correlated with IR. wave velocity and the trends 
analyzed. The flow chart is a summation of the whole process attd NCU test plays a small 
part in fast forwarding the physical tests on asphalt binder. This research focuses on the 
non contact ultrasound test correlation. These tests are fast and comparatively cheaper 
and could revolutionize the current process of physical property test.
CSiiinly i;ib -  B in d e r  
properlN
Suindard B inder repon
A s p h a l i  B i n d e r  s u p p l i e r
C o u n ty  a p p n n a l  o f  th e  h in d e r  fo r 
p ro je e is
Fig 1.1 Material characterization using ultrasound testing
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CHAPTER 2 
BACKGROUND
Asphalt Binder is a com plex hydrocarbon found as a natural deposit or as a residue 
from distilling caide oil to remove petroleum, motor oils, naphtha and kerosene. Asphalt 
binder is dark brown or black in color and at normal temperature is a solid but as the
temperature is increased it becomes sticky and then oily. Asphalt binder makes up about 
5% of the volume of the mix and is used to hold together (or cement or glue) the 
aggregate particles together in the HM A (Asphalt Institute. M S-3, 1983).
Historical Background of Asphalt Binder 
Asphalt is mans oldest engineering material, having been used since the dawn of 
civilization. The first recorded use of asphalt by humans was by the Sumerians around
6,000 B.C. They used asphalt as a binding substance for inlaying various shells, precious 
stones or pearls (Asphalt Institute, MS-4, 1989).Other common ancient asphalt uses were 
preservation (for m umm ies) in Egypt, waterproofing (pitch on ship hulls), and cementing 
(used to join together bricks in Babylonia). Around 1500 A.D., the Inc as of Peru were 
using a composition similar to modern bituminous macadam to pave parts of their 
highway system. In more modern times, use of asphalt paving first began with foot paths 
in the 1830s and then progressed to actual asphalt roadways in the 1850s.
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In ihe early 1900s the discovery o f refining asphalt from crude petroleum and the
overwhelming popularity of automobile created an expanding industry. Asphalt appeared 
to be a cheap and inexhaustible resource that would be used for smooth modern roads 
(Asphalt Institute, M S-4, 1989).
As the asphalt paving industry blossom ed, the physical properties and the 
character o f asphalt needed to be determined. To ensure asphalt roadways were durable 
and reliable, numerous test and procedures were developed during the early 1900s 
(Asphalt Institute. M S-4, 1988).In modern era about 95 percent o f the paved roads in the 
United States are surfaced with asphalt, and most are produced using hot-mix 
construction. Hot-mix pavements consist o f one or more compacted layers that contain 
(voiumeiricailyj about 80 percent mineral aggregate. 15 percent asphalt binder, and 5 
percent air voids. (Anderson, 2001}
Properties of Asphalt Binder 
The composition of asphalt binder varies considerably among asphalt 
manufactured from different crude oils. An asphalt binder is composed of multitude of 
hydrocarbon species which differ by molecular mass, chemical structure and polarity 
(Zanzotto, 2001). In this research the binders are identified on the basis of composition 
and method of asphalt processing.
Chemical Properties of Asphalt Binder
It is asphalt binder's chemical properties that determine its physical properties. 
Therefore, a basic understanding of asphalt chemistry can help one understand how and 
why asphalt behaves the way it does. Asphalt chemistry can be described on the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
molecular level as well as on the intermolecular (microstructure) level (Anderson. 2007).
On the m olecular level, asphalt is a mixture of complex organic molecules that range in 
molecular weight from several hundred to several thousand. Although these molecules 
exhibit certain behavioral characteristics, the behavior o f asphalt is generally ruled by 
behavioral characteristics at the intermolecular level -  the asphalt 's  microstructure 
(Asphalt Institute, M S-4, 1989).
The intermolecular bonds are weaker than the bonds that hold the basic organic 
hydrocarbon constituents o f asphalt together; they will break first and control the 
behavioral characteristics of asphalt (Asphalt Institute. M S-5. 1983). Therefore, asphalt's 
physical characteristics are a direct result o f the forming, breaking and reforming of these 
intermolecular bonds or other properties associated with molecular superstructures.
In essence, asphalt is a complex chemical substance. Although basic chemical 
composition is important, it is asphalt 's  chemical microstructure that is most influential in 
its physical behavior. Although most basic asphalt binder failure mechanisms can be 
described chemically, currently there is not enough knowledge about chemical properties 
of asphalt to adequately predict performance. Therefore, physical properties arid tests are 
used.
Physical Properties of Asphalt Binder
The asphalt binders are most com m only characterized by their physical 
properties. An asphalt b inder 's  physical properties directly describe how it will perform 
as a constituent in HMA pavement. The challenge in physical property characterization 
is to develop physical tests that can satisfactorily characterize key asphalt binder 
parameters and how these parameters change throughout the life o f an HMA pavement.
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The earliest physical tests were empirically derived tests (Asphalt Institute, MS-5, 1983). 
Some of these tests (such as the penetration test) have been used for the better part of the 
20''" century with good results. Later tests (such as the viscosity test) were first attempts 
at using fundamental engineering parameters to describe asphalt binder physical 
properties. Ties between tested parameters and field perfonnance were still quite 
tenuous. These tests are generally a bit more complex but seem  to accomplish a more 
thorough characterization of the tested asphalt binder.
The physical properties used for this research are viscosity and penetration. 
Penetration is a measure o f softness or hardness o f the asphalt material and viscosity is 
the physical characteristic of a liquid used to describe the resistance to flow. Although 
viscosity is a fundamental measure of (low. it only provides information about higher 
temperature viscous behavior.
Physical Properties and Use in Design of HMA 
Asphalt binders are typically categorized by one or more shorthand grading 
systems according to their physical characteristics (Asphalt Institute, MS-5, 1983). These 
systems range from simple to complex and represent an evolution in the ability to 
characterize asphalt binder.
Penetration grading is based on the depth a standard needle will penetrate an 
asphalt binder sample when placed under a 100 g load for 5 seconds. The test is simple 
and easy to perform but it does not measure any fundamental parameter and can only 
characterize asphalt binder at one temperature (77'"F). Penetration grades are listed as a 
range of penetration units (one penetration unit = 0.1 mm). Typical asphalt binders used 
in the U.S. are 65-7Ü pen and 85-100 pen.
6
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Viscosity grading measures penetration (as in penetration grading) but also
measures an asphalt binder's viscosity at 140"F and 275“F. Testing can be done on virgin 
(AC) or aged (AR) asphalt binder. Grades are listed in poises (cm-g-s -  dyne- 
second/cm") or poise.s divided by 10. Typical asphalt binders used in the U .S. are AC-10. 
AC-20, AC-30, A R -4000 and AR 8000. Viscosity grading is a better grading system but 
it does nut test low temperature asphalt binder rheology.
Testing of Asphali Binder 
This physical property test describes how asphalt binder will perform as a 
constituent of H M A  pavement. The data of these tests will he used later to correlate with 
ultrasonic measurement on binder samples. Following tests are conducted for this 
research.
• Penetration Test.
• Absolute Viscosity Test.
® Kinematic Viscosity Test.
Penetration Test
The consistency of a bituminous material is expressed as the distance in tenths of 
a millimeter (0.1 mm) that a standard stainless steel needle penetrates vertically a sample 
of the material under specified conditions of loading (100 gm). duration of time (5 
seconds) and temperature o f the sample (77" F or 25" C) (Asphalt Institute. M S-4. 1989).
Higher values o f  penetration indicate softer consistency of the material.
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Lower penetration grade asphalt cements are generally needed in warmer climates 
to avoid rutting of pavement caused by softening in the summer (Asphalt Institute. MS-5, 
1983). Higher penetration grade asphalt is the obvious choice in colder climates to avoid 
excessive brittleness caused by cold winter weather.
The use of penetration tests for classifying asphalt has provided long experience 
and service records that are associated w ith pavement construction and maintenance. This 
is, however, an empirical test, which many engineers would like to replace with the 
absolute viscosity test using the vacuum capillary viscometer.
Absolute Viscosity
The tests are preformed at temperatures of 60" C (140" F) and 135" C (275" F). 
A STM D 2171 (AASHTO T 202) describes the procedure for determination of viscosity 
in poises (P) at 60" C (140" F) (Asphalt Institute, MS-5, 1983). In this procedure the time 
is measured for a fixed volume of liquid to be drawn up through a capillary tube by 
means of vacuum, under closely controlled conditions of vacuum (300 mm Hg vacuum) 
and temperature (140 " F, 60 ° C). The viscosity in poises is determined by multiplying 
the viscometer calibration factor (in poises per second) with the measured flow time in 
seconds. This procedure is applicable for materials having their viscosity in the range of 
0.036 to over 200,000 poises. This procedure is suitable for measurement of viscosity of 
both newtonian and non-newtonian liquids. There has been a strong movement to change 
the system of grading asphalt cements from penetration units at 25" C (77° F) to absolute 
viscosity units at 60° C (140° F). It is doubtful however that the penetration method of 
classification will be dropped entirely in the near future as this would result in loss of 
many years o f accumulated experience. Moreover, the opponents of classification by
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absolute viscosity method alone believe that 140" F temperature is too high, and the 
asphalt begins to behave as a non-Nev.-Ionian liquid at that temperature.
Kinematic Viscosity
Kinematic viscosity of asphalt covers determination of kinematic viscosity of 
liquid asphalt {bitumen), road oils and distillation residues of liquid asphalt (bitumen) all 
at 140 ' F (60 ° C) and o f asphalt cements at 275° F (135 " C) in the range from 6 to
100,000 centistokes (Asphalt institute, M S-5. 1983). Kinematic viscosity is a measure of 
the resistance to How of a liquid under gravity. The SI unit o f kinematic viscosity is 
squared meter per second. For practical use, a suhmultiple (squared millimeter per 
second) is more convenient. The centistoke (CST) is one squared centimeter p>er second 
and is customarily used. Viscosity as referred to herein is the ratio between the applied 
shear stress and the rate of shear, called the coefficient of dynamic viscosity. This 
coefficient is the measure of the resistance to flow of a liquid. The ST unit o f viscosity is 
the Pascal per second. For practical use a submultiple (mpa.s) is more convenient. The 
centipoisc, 1 mpa.s, is customarily used. Density is the mass per unit volume of liquid. 
The cgs unit o f  density is I gm/cc. The SI unit of density is 1 kg/cubic meter. The method 
for determination of kinematic viscosity includes measuring the time for a fixed volume 
of the liquid to flow through the capillary o f  a calibrated glass capillary viscometer under 
an accurately reproducible head and at a closely controlled temperature. The kinematic 
viscosity is then calculated by multiplying the efflux time in seconds by the viscometer 
calibration factor. The results o f this test can be used to calculate viscosity when the 
density of the test material at the test temperature is known or can be determined.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Ultrasound Testing Background 
The use of sound energy to determine the integrity of solid objects is probably old 
as m ankind 's  ability to manufacture objects in pottery and metal. Sound waves are simply 
vibrations o f the particles making up a solid, liquid or gas. Unlike x-ray, LASER, 
radioactive, and thermal waves, ultrasound does not affect the test medium. Thus, 
ultrasound method is tm ly Non-Destructive. The branch of non destructive testing which 
uses ultrasound to characterize the material is known as ultrasound testing.
An ultrasound test is a radiology technique, which uses high-frequency sound 
waves to produce images o f the material. The sound waves are sent through material with 
a device called a transducer. The transducer is placed directly on top of the sample: the 
sound waves that arc sent by the transducer through the sample arc then reOected by 
internal structures as "echoes." These echoes return to the transducer and are transmitted 
electrically onto a viewing monitor.
Ultrasound operates on the same principle as other characterization methods also 
based upon wave-material interaction phenomena. These are: optical, x-ray, infra-red. 
Raman spectroscopy, nuclear magnetic resonance, neutron, y-ray. mass spectrometry, etc. 
By propagating a wave in a given medium, useful information about the medium can be 
generated by analyzing the transmitted or reflected signals. Ultrasound differs from other 
wave-based methods because it does not require sample preparation, is non-hazardous, 
and provides the means to determine mechanical properties, microstructure, imaging. & 
microscopy. Ultrasonic equipment is also portable and cost-effective (Bharadwaj 2002). 
Most significantly, ultrasound is applicable to all states of matter, with the exception of
10
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plasma and vacuum. Furthermore, propagation of ultrasound in a material is not affected 
by its transparency or opacity.
The predominant method of introducing wave propagation into a sample is by 
placing the transducer onto the material using a coupling medium such as a gel. This 
technique is a contact mode for which the use in constmction inspection or testing is very 
tedious. Non-contact modes of transducer placement are in which the transducer are not 
in contact with the sample. The transducers used in non contact mode are more powerful 
with a high frequency. In this research the non contact m odes o f transducers are 
employed, and the analysis of the signal was performed with the ultrasonic non-contact 
analyzer NCA 1000 system. In general transducers are designed to produce longitudinal 
waves; this wave depends only on the elastic properties of the material thus they are 
appropriate for the use in laboratory and field construction material testing
Ultrasound Char acterization of Materials
The characterization of materials in ultrasound testing is categorized in various 
domains of measurement. These domains of measurement category are shown in Table 
2.1. In time domain, time of flight indicates the time taken by the sound wave to travel 
from one source to another. Time o f  flight is used as measured parameter in image 
domain and time domain to quantify density and surface imaging. In this resear'ch time of 
flight is used to calculate thickness of the binder sample.
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Table 2.1 Categories o f Ultrasonic Measurements and their Applications
Measurement category Measured parameters Applications
Time Domain
Times of flight and 
velocities o f  longitudinal, 
shear, and surface waves
Density, thickness, defect 
detection. elastic and 
mechanical properties
Attenuation Domain
Fluctuations in reflected 
and transmitted signal at a 
given frequency and beam 
size
Defect characterization, 
surface and internal 
microstructurc
Frequency Domain Frequency-dependence of 
ultrasound attenuation
Microstructure, grain size , 
surface characterization
Image Domain
Tim e of flight, velocity ,
thickness and attenuation 
mapping
Surface and internal 
imagine of defects. 2 D 3 D 
imaging
The attenuation describes the decrease in ultrasound intensity or pressure with 
distance, and is normally expressed in decibels per unit length. The measured parameter 
of reflected or transmitted signal in attenuation domain can be used to quantify defect 
characterization. Apparent changes in attenuation can be inductive of changes in the 
material structure. The change in velocity and temperature can affect the amount of 
attenuation in some material.
In ultrasound testing velocity plays an important part in characterizing the sample. 
The ultrasound travels at different speeds through different materials. There is a distinct 
velocity o f  sound for each material. In ultrasonic, this is called the velocity of the sound 
for that material. The measured parameter of velocity in time domain can be used to 
quantify density thickness and defect determination.
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Non Contact Ultrasonic Measurement 
Since ultrasound can be reflected and transmitted through the test material and its 
surfaces, one can utilize their respective signals to make significant measurements in time 
and frequency domains. Such measurements can be further related lo important test 
material characteristics, such as velocity, thickness, defects, internal and surface texture 
or microstructure, and other ultrasound dependent parameters.
For simultaneous measurements of materials thickness and its velocity in the non 
contact ultrasound mode, we must exatnine all paths of ultrasound transmission and 
reflection, i.e.. to and from the test material. These paths relate to propagation of 
ultrasound relative to transmitting and receiving transducers in the air column, ultrasound 
transmitted through the test material, and ultrasound reflections from the test material
Iran sd u cer 1
o’
Transducers
T ra n sd u ce rl
o_
Binder Sam ple
'ransducer2
T ransducer 1
Binder Sam ple
T ransoucer?
T ransducer 1
Binder Sam ple
1
T ransducers
Fig 2.1 Paths of propagation in non-contact ultrasound transmission
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These paths of ultrasound propagation in NCU transmission mode are needed to 
determine the test material thickness and velocity. The signals generated by these paths of 
propagation and their significance arc as following; Path "a" is the transmission from 
transducer 1 to transducer 2 in air — measures time of flight. If ultrasound is propagated 
from transducer 2 to transducer 1, the same time o f  flight will be measured. Path “b” is 
the reflection from transducer 1 lo the material surface in air — measures lime of flight, 
T1 Path “c" is the reflection from transducer 2 lo the material surface in air -  measures 
time of flight, T2. Path "d" is the transmission from transducer 1 to transducer 2 with the 
test material in between -  measures time of flight. If ultrasound is propagated from 
transducer 2 lo transducer 1. the same time of flight will be measured. From these times 
of flight measurements, the test material thickness and its velocity arc determined.
I
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tc, transmission in 
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2tm, round-trip 
ToF in material 
thickness
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/
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Fig 2.2 Reflected signal through a material.
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The ultrasound waves are seen as signals on the N C A  1000 monitor. The signals 
could he identified for various m easurements as shown in figure 2.2.
Calculation of wave velocitv
The following are the formula used in the calculation of velocity and thickness of 
the material.
TI indicates the time o f flight from top (ransducer to the surface o f the material.
T2 indicates the time of flight from the bottom transducer to the surface of the material.
Ta indicates the time o f flight in air from the top transducer to bottom.
Tc indicates the time of flight through the material from top transducer to bottom one.
T̂ ^  ̂indicates the time of flight in air corresponding to the test material thickness.
T ^ = T a - ( T l  +T2)/2............. 1
Tm is the time of flight in the test material.
T m = Tam  -  (Ta -  T c ) ..........................................................................................................................2
Once the time of flight through the test material is calculated the thickness (Dm) is 
known using the following relationship
D m = Va'-'' T a m ......................................................................................................................................3
W here Va is the velocity of ultrasound in air. The velocity of sound V varies 
depending on the m edium through which the sound waves pass. The speed varies 
depending on atmospheric conditions: the most important factor is ihe temperature. The 
humidity has very little effect on the speed of sound, while the static sound pressure (air 
pressure) has none. The speed of sound (in meters per second) can be calculated from:
V a=  (331.5 +0.6 x 0) m /s .................................................................................................................. 4
15
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Where 0 (thêta) is the temperature in degrees Celsius.
The final step in calculating the velocity of sound in the material (Vm) is given by 
the following relationship.
V m =  D m /T m ...........................................................................................................................................5
Integrated Response
In the time domain display, the ultrasound — besides measuring and displaying 
the times of flight of the signals -  also shows the Integrated Response (IR) of these 
signals. IR is a measurement o f  the area underneath a particular peak in power dB units. 
Due to a very high, (150dB) linear dynamic range of the NCA 1000. the IR can be used 
to measure the amount of ultrasonic energy transmitted (transmissivity) or reflected 
(reflectivity) from a test material, besides relating it (IR) to subtle changes in the material.
In other words the integrated response is the attenuation value of the area 
underneath the signal wave measured in decibels and can be used to measure the amount 
of ultrasonic energy transmitted or reflected from a test material (Bharadwaj 2002).If a 
given test material is hom ogeneous, then the measurement of IR has been found to be 
related to the transmission coefficient. M easurement of IR and correlation with 
transmission coefficient provides approximate ideas about the acoustic impedance and 
density of the test material. The IR is calculated by subtracting the IR of material with IR 
in air, the following equation shows amount of transmivity.
I R  = IR5amplc - IR u ir ................................................................................................................................6
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Ultrasound Testing Procedure 
The asphalt binder samples were tested at 25. 30. 35 and 40 degrees Celsius to 
ascertain the trends in integrated response with physical properties o f  asphalt binder. The 
test set up included NCA 1000 and a set of transducers connected to a monitor.
Following steps were taken for setting up the N C A  1000 for testing
® The transducers were checked for a parallel face with the use of a round bubble
level and plumb line for the relative orientation.
* The signal was set for the transducer parameters, and visually checked on the 
computer screen for m axim um  peak amplitude by adjusting the transducers 
slightly.
» The Chirp signal duration specifications for these transducers can range from 500
us to 1200 ps.
• The best visual signal was at 650 ps, which was the setting for all o f  the testing. 
Various power amplitude settings were tried for a maximum stable signal with 
m inimum noise.
® The amplitude was set a 85 percent. The signal was then checked for both low
{Chiip A) and high (Chirp B) frequency visual uniformity on both ends of the 
Chirp, and set at 30% and 45% respectively.
Non-contact modes of transducer were used for this study. The type of non- 
contact transducer utilized was the new generation G M Ptm  from The Ultran Group, 
which is a new piezoelectric material, characterized by the highest possible thickness 
mode-coupling coefficient. The analysis of the signal was performed with the ultrasonic 
non-contact analyzer NCA 1000 system.
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In genera), transducers are designed to produce longitudinal waves. This wave 
depends only on the elastic properties of the material thus they are appropriate for the use 
in laboratory and field construction material testing (Dunning, 2004). The study focus 
was on the use o f the processed integrated Response (IR), which is the attenuation value 
o f the area underneath the signal wave measured in decibels. IR can be used to measure 
the amount o f ultrasonic energy transmitted (transmissivity) or reflected (rellectivity) 
from a test material.
18
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CHAPTER 3
METHODOLOGY  
The follow ing steps summarize the research methodology involved.
* Identifying the asphalt hinder material.
» Determination of physical properties o f asphalt binder
® Non-contact ultrasound measurements
Data Analysis
e Verification of thickness of asphalt binder using ultrasound
* The variation of IR and Vm  with temperature.
* Correlation o f  IR and physical properties
e Correlation of wave velocity and properties 
Step One: Identifying the Asphalt Binder Material
The first part o f this research focuses on identifying and selecting asphalt binder 
o f varying grades and oil contents. The asphalt binders are identified on the basis of crude 
oil composition, which is based on the production company and their supply.
Step Two: Determination of Physical Properties of Asphalt Binder
The asphalt binders were tested in the Clark County Public W ork Department 
laboratory and physical properties like viscosity at 140 F. viscosity at 275 F and 
penetration for each project were obtained.
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Step Three: Non-Contact Ultrasound Measurement
The non contact ultrasound tests are done on the asphalt binders at 25, 30 35 and
40 degree Celsius. The ultrasonic measurements like integrated response and wave
velocity are measured. The ultrasound tests are done on specific temperature and chirp 
parameters for all the binder samples are kept constant. The tests arc conducted on 
various temperatures using an oven. The test results for the ultrasound are saved as text 
files and later used for calculation of ÏR and velocity o f sample. These tests arc conducted 
as per the procedure described in chapter 2.
Step Four: Data Analysis
The following steps are taken to analyze the data.
1 ) Verification of thickness of asphalt binder using ultrasound 
The thickness of asphalt binder is measured using ultrasound at various temperatures and 
compared with actual thickness to verify w-'hether ultrasound provides accurate results
2) The variation of IR and Vm  with temperature
The IR and V m  are analyzed at various temperatures to determine their variations.
3) Correlation of IR and physical properties
IR data are plotted with physical property data and trends are analyzed.
4) Correlation of Vm and physical property
Vm  data are plotted with physical property data and trends are analyzed.
20
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M ATERIAL A N D DATA ACQUISITION
Identifying the Asphalt Binder Material 
The asphalt hinder used in ongoing projects in Clark County Asphalt Laboratory 
were in majority o f cases AC -40 and AC-30 grades o f asphalt manufactured by source 1
and source 2 company. For the purpose of this study, data was gathered on 6 specimen of 
source 1 AC 30, 6 specimen of source 1 AC 40, 6 specimen of source 2 AC 30, six 
specimen ol source 2 A C 40 of which 3 specimen are original and 3 are aged specimen 
for each company. Each specimen has an identification number based on the project. As a 
example, for 410 Source 1 AC 30 (o) 410 denotes the project number, source I denotes 
the company type AC 30 denotes the grade and to) or (a) denotes original or aged 
samples. Results of physical tests performed on these in-place samples and corresponding 
parallel ultrasonic tests pciformed on the source sample and laboratory-aged source 
samples are given in tables 4.1 and 4.2.
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Ultrasonic Measuretnents Physical property
Asphalt Binder IK(dh) Velocity t mm/sec) Viscosity at 140 Viscosity at 275 Penetration
Temperature Tetnperature
25 30 35 40 25 30 35 40
410 Source I AC 40 (ol -6X.75 -67.01 67.85 -69.83 3.03 1.76 1.83 1.63 2579 414 54
LU 444 Source 1 AC 30 (o) -6X.72 -67.32 69.17 -70.52 2.00 1.72 1.80 1.74 2585 415 52
CU 460 Souice 1 AC 30 (o) -AH.97 -66.75 -69.55 -73.92 1.86 1.71 2.27 2.1 1 2512 419 55
<
4 11 Source 1 AC40 (o) -67.30 -67.18 -67.29 -69.40 2.05 1.75 1.78 0.64 3970 472 41
<  ■ 461 Source 1 AC 40 (o) -67.62 -66.35 -67.53 -72.30 1.91 1.58 1.89 2.00 3659 448 40
Z 34X Source 1 AC 40 (o) -67.4S -66.67 -67.65 -71.22 1.91 1.58 1.85 1.56 3924 442 42
453 Source 2 AC 30 (o) -6V.X0 -68. IN 68.13 -69.96 2.14 2.14 1.41 1.79 3101 539 44
414 Source 2 AC 30 (o ) -65.46 -66.94 -66.97 -68.19 2.72 2.72 2.43 2.61 2503 507 42
325 Source 2 AC 30 (o) -67.80 -69.44 -67.16 -69.87 1.62 1.62 3.20 2.03 2600 404 65
30! Source 2 AC 40 (o) -66.30 -63.NO -67.64 -70.59 1.85 1.09 1.96 1.96 4036 622 28
320 Source 2 AC 40 (o) -67.13 -65.72 -67.34 -71.47 2.16 1.87 2.08 2.27 4021 609 20
454 Source 2 AC 40 (o) -ti6.2l -69.36 -66.98 -70.47 1.88 1.78 1.75 1,94 4031 597 29
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O Table 4.2 Aged A.sphait Binder Laboratory Test Data
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Ultrasonic M easurc me n t s Pliysical property
A.sphail Binder
IR(db) Velocity (niitr/scc) Viscosity at 140 Viscosity at 275 Pcticliaiion
Tctnpcraturc Tetnperaturc
25 30 35 40 25 30 35 40
410 Source 1 AC .30 (a) -67.31 2.16 -64.82 1.47 -66.22 1.62 -67.93 1.72 7518 721 30
444 Source 1 AC 30 la) -67.00 1.59 -64.45 1.46 -67.46 1.83 -69.52 1.98 7497 651 27
460 Source 1 AC 30 (a) -68.87 2.67 -68.12 2.00 -68.24 1.76 -70.62 1.58 6542 744 21
s'
2
< 41 1 Source 1 AC40 (a) -64.1 1 1.56 -62.57 1.27 -65.27 1.98 -69.41 0.80 10507 759 24CO
Q 461 Source 1 AC 40 (a) -67.14 2.38 -67.42 4.46 -68.15 4.39 -69.52 0.87 10259 754 22lij
O 348 Source 1 AC 40 (a) -66.42 . 2.06 -65.80 4.96 -67.66 2.16 -70.26 1.99 10322 628 25<
453 Source 2 AC 30 (a) -66.95 2.67 -66.31 1.86 -67.48 2.06 -69.23 1.85 6941 711 29
414 Source 2 AC 30 (a) -67.35 3.19 -65.48 1.91 -65.48 1.73 -67.70 1.47 6878 740 22
325 Source 2 AC 30 (a) -67.80 1.85 -69.01 0.75 -68.99 0.57 -68.99 0.57 6122 628 39
301 Source 2 AC 40(a) -66.98 2.15 -66.38 1.78 -68.49 2.01 -70.31 1.94 9260 845 21
320 Source 2 AC 40 (a) -66.96 1.26 -64.94 1.92 -65.10 1.17 -68.16 1.14 9425 844 24
454 Source 2 AC 40 (a) -68.53 2.24 -65.80 2.10 66.72 1.80 -70.12 1.89 8934 783 20
C/)c/)
Table 4.3 List o f Aged Samples
410 Source 1 AC 30 fa)
444 Source 1 AC 30 (a)
460 Source 1 AC 30 (a)
411 Source 1 AC40 ( a)
461 Source 1 AC 40 (a)
S 348 Source 1 AC 40 (a)
<C/j
OUJ 453 Source 2 AC 30 (a)
a 414 Source 2 AC 30 (a)
325 Source 2 AC 30 (a)
301 Source 2 AC 40 (a)
320 Source 2 AC 40 (a)
454 Source 2 AC 40 (a)
Table 4.4 List o f Original Samples
410 Source 1 AC 30 (o)
444 Source 1 AC 30 (o)
460 Source 1 AC 30 (o)
14 411 Source 1 AC4Ü (0 )
CL
S 461 Source 1 AC 40 (oj
<
■y. 348 Source 1 AC 40 (o)
<
2 453 Source 2 AC 30 (o)
C 414 Source 2 AC 30 (o)
DC
c 325 Source 2 AC 30 (o)
301 Source 2 AC 40 (o)
320 Source 2 AC 40 (o)
454 Source 2 AC 40 to)
24
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Determination of Physical Properties of Asphalt Binder 
The asphalt binder physical properties were obtained from Clark County Public 
Work Department project files. The tests on asphalt binder were performed for viscosity 
and penetration as discussed in chapter 2. The binder samples are a part o f ongoing  
projects, which are tested in Clark County asphalt laboratory. The test data are taken from 
b inder report for each project. Table 4.1 and 4.2 shows the results of physical tests on 
asphalt binder.
M easurement of Asphalt Binder Using NCU 
The specimens were tested on four different temperatures and the non contact 
ultrasound test images of the specimen were used to get the information to calculate the 
IR. The time o f  flight for each path is noted from the ultrasound test result and then used 
to calculate thickness and wave velocity.
M easurement of Asphalt Binder Thickness Using Ultrasound 
The outcome for each measurement as discussed in the section above highlights 
time of flight which is used in calculation of thickness. The procedure for calculating 
thickness is discussed in chapter 2.The actual thickness is measured at -5 degree Celsius 
and compared with the calculated thickness to verify whether ultrasound measurement 
are accurate enough. Table 4.5 and 4.6 shows the calculated and actual thickness for 
original and aged samples.
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Table 4.5 Orig
T hickness M easurem ent
Tem perature
.Asphalt Binder 25 C 3(1 C 35 C 40 C Actual Lcnjrih at 5 C
410 Source 1 AC 30 t n i 19.91 21.78 21.24 21.65 20.6
444 Source 1 AC 30 (o) 23.6 24.37 24.27 24.44 23.05
LU 460 Source 1 .AC 30 lo t 22.93 23.79 22.55 23.13 22.68
C_
Z
< 411 Source 1 A C 40 ill j 22.14 22.13 21.46 21.54 20.92
461 Source 1 .AC 40 (oi 22.16 22.92 22.4 23.14 22.29
<; .348 Source I AC 40 (o'l 18.44 ]«.09 21.23 21,73 20.63
z
o 453 Source 2 AC 30 (o) 24.53 26.11 25.61 25.56 24.77
414 Source 2 AC 30 io i 16.4 16.53 16.64 17.14 16.33
325 Source 2 AC 30 to i 18.67 18.35 19.14 19.85 19,09
301 Source 2 .AC 40 io i 23.95 2356 24.23 24.31 23.35
320 Source 2 .AC 40 (ol 20.11 21.22 20.62 20.23 20.16
454 Source 2 .AC 40 ((') 22,42 22.54 22.77 22.58 22.27
Table 4.6 Aged Asphalt Binder Thickness M easurement
Thickness M easurem ent
Tem perature
.Asphalt Hinder 25 C 30 C 35 C 40C .Actual ix n g lh  al 5 C
410 Source 1 AC 30 la) 18.4 18.35 18.07 18.83 17.86
444 Source i AC 30 (a) 15.97 16.54 19.34 19.76 18.93
460 Souice 1 AC 30 : a l 20.7 22.28 21.64 22.2 21.07
ue
ei. 411 Source i .AC4Ü i a i 16.21 16.17 15.52 15.86 15.34
< 461 Source 1 AC 40 (a) 18.79 23.09 19.63 22.14 22.12
348 Source I A C 40 (ai 21.46 18.35 20.18 20.44 19.93
Ü3
< 453 Source 2 .AC 30 lai 211.85 21.03 20.58 20.79 20.05
414 Source 2 AC 30 (at 20.96 18.91 23.29 21 18.98
325 Source 2 AC 30 (a) 18.63 18.23 17.91 18.8 18.22
301 Source 2 AC 40 iai 23.67 24.59 24.67 24.66 24.24
320 Source 2 AC 40 iai 26.94 18.25 18.25 18.39 17.56
454 Source 2 AC 40 iai 23.67 23.91 23.59 23.74 23.46
26
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CHAPTER 5 
DATA ANALYSTS
The data were analyzed for trends to verify the relationship between the integrated 
response and the physical parameters related with the asphalt binder. The ultrasound 
measurements were first checked for accuracy with thickness calculation and later the ÎR 
and velocity were correlated with physical parameters of binder.
Comparison of Measured vs. Calculated Thickness 
The thickness o f  each sample was calculated using the ultrasound measurement of 
time of flight and path and compared with the actual thickness at -5 degree Celsius. The 
plot shows the actual thickness and theoretical thickness in time domain. The differences 
in thickness do occur as the samples were tested in different temperature. The visco­
elastic nature of asphalt binder causes the change in thickness in asphalt binder at various 
temperature
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Fig 5.02 Thickness M easurements at 30 Degrees Celsius
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Thickness Measurement at 35 C
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Fig 5.04 Thickness Measurements at 40 Degrees Celsius
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Thickness M easurem ent at 40 C
3Ü
20
10
510 2Ü
25 C 
* 3 0 C  
 ̂ 35 C 
40 C
C alculated  Thickness (mm)
Fig 5.05 Overall Thickness Measurements
The asphalt binders at various temperatures differ in the thickness because ol' the 
visco-elastic nature. Figure 5 .0 L  5.02, 5.03, 5.04. shows the actual thickness with the 
measured thickness at various temperature calculated using ultrasound provides an 
accurate measurement. The 45 degree line represents the measured thickness of asphalt 
binder, thus at various temperature the binder thickness changes but comes close to the 
actual thickness in negative temperature. The thickness was taken at negative temperature 
as asphalt binder doesn 't  stay stable at a positive temperature, and thus difficult to 
measure thickness. The actual thickness was measured using a vernier caliper.
M easured IR versus Temperature 
The Integrated response is correlated with the physical parameters to ascertain 
any trends which could be used to quantify the properties. The Integrated response is
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analyzed for various temperatures to know the pattern on which changes occur. The
experiments are done in four different temperatures and the IR is calculated from the 
input. The IR is averaged for this analysis.
IR AT D IFFREX T TEMPER^ATT RE S O I RCE I AC .W
£ •\S I .31 <
-64 -63
Fig 5.06 IR at Different Temperature for Source I AC 30
31
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Fig 5.08 IR ai Different Temperature for Source 2 AC 30
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Fig 5.09 IR at Different Temperature for Source 2 AC 40
Figure 5.06, 5.07 5.08 and 5.09 shows a definite peak at 30 degree Celsius 
corresponding to TR. Both aged and original samples show a similar trend and both 
samples peak at same temperature. The integrated response o f  the asphalt binder changes 
at different temperature with all four types of binder which corresponds to a good trend 
on all binder material which needs to be investigated. The change in IR value also 
corresponds to structural change in the asphalt binder.
The following observation are noted
•  The aged and the original samples show a peculiar curve with peak at 30 degree
Celsius in four different sample o f  different oil composition.
•  Aged and the original sample peak at different integrated response
•  Integrated response changes at different temperature
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Measured Velocity vs. Temperature 
The velocity of the sample is correlated with the physical parameters to ascertain 
any trends which could be used to quantify the properties. The velocity of sample is 
analyzed for various temperatures to know the pattern on which changes occur. The 
experiments are done in four different temperatures and the velocities o f the sample are 
calculated from the input. The velocities o f sample are averaged for this analysis.
S n tirc e  1 A ( 3(1
O S I .3(1
\ TIOCril imm/sec)
Fig 5.10 Velocity at Different Temperature for Source 1 AC 30
34
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Fig 5.12 Velocity at Different Temperature for Source 2 AC 30
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Fig 5.13 Velocity at Different Temperature for Source 3 AC 40
The following observations are noted 
A similar trend as IR with temperature was observed for aged and the original samples.
* Aged and the original sample peak at different sample velocity
e The type of crude oil can be distinguished by looking at trend line corresponding 
to various samples
• Velocity stays in the range of 1.5 to 4.
Overall i t 's  hard to define any peculiar trend in this parameter; further research is 
required to answer changes in material property at 30 degree Celsius.
36
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Correlation of Ultrasound Properties with Binder Parameters
The physical properties related to asphalt binder are correlated with IR and 
velocity to ascertain any trends. The Sample for each oi 1/Company type is averaged to 
understand trends in aged/ original samples. The ultrasound result were noted and 
correlated with physical properties of asphalt binder in four different temperatures to 
verify any trends in samples of same oil type.
The test samples are maintained at a set temperature so that all the tests are 
conducted at satnc temperature. The samples were checked for accurate temperature 
using a sensor gun, thus maintaining same temperature for the lest. The humidity and 
room temperature were noted for calculation for velocity o f the sample.
IR vs Penetration
The ultrasound measurement and physical property of asphalt binder is correlated 
to ascertain trends. The IR and penetration are correlated at four different temperatures 
for aged and original samples. The correlations for source 1 and source 2 for two 
different grades are also noted. For different grade the changes in penetration values with 
ultrasonic measurement are analyzed.
37
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Fig 5.14 Correlalion of Average IR with Penetration at 25 Degrees Celsius
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Fig 5.15 Correlalion o f  Average IR with Penetration at 30 Degrees Celsius
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Fig 5.17 Correlation o f  Average IR with Penetration at 40 Degrees Celsius
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Fig 5.18 Correlation of Average IR with Penetration
The following observations are noted 
® As penetration lowers for aged/original samples the IR value corresponding to it 
increases.
" As penetration value increases for the sample the IR value corresponding to it 
decreases
® The aged and original samples could be demarcated based on the IR 
e A general tendency is observed in figure 5.14, 5.15, 5.16 and 5.17 that the original 
sample are seen to shift towards the aged sample at higher IR.
40
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IR v s  Viscosity at 140 F 
The IR and viscosity (140) are correlated at four different temperatures for aged 
and original samples. The correlations for source 1 and source 2 for two different grades 
are also noted. For different grade the changes in viscosity values with ultrasonic 
m easurement are analyzed.
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Fig 5.19 Correlation o f  Average IR with Viscosity at 140 F at 25 Degree Celsius
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Fig 5.20 Correlation of Average IR with Viscosity at 140 F at 30 Degrees Celsius
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Fig 5.21 Correlation of Average IR with Viscosity at 140 F at 35 Degree Celsius
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Fig 5.22 Correlation o f  Average IR with Viscosity at 140 F at 40 Degrees Celsius
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Fig 5.23 Correlation of Average IR with Viscosity
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The following observations are noted
•  As Viscosity increases IR increases for Aged samples
® A general tendency is observed in figure 5.19, 5.20, 5.21 and 5.22 that the aged
sample are seen to shift towards the original sample at higher IR.
® The aged and original samples could be demarcated based on the IR
IR VS Viscosity at 275 F 
The IR and viscosity (275) are correlated at four different temperatures for aged 
and original samples. The correlations for source 1 and source 2 for two different grades 
are also noted. For different grade the changes in viscosity values with ultrasonic 
measurement are analyzed.
IK 4 ,S M.SCOSITY ,\T  27? .VI 25 C
DSi-’t
osi-n
e.AS: '
Fis  5.24 Correlation o f  .Average IR with Viscosity at 275 F at 25 Degrees Celsius
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Fig 5.25 Correlation of Average IR with Viscosity at 275 F  at 30 Degrees Celsius
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Fig 5.26 Correlation of Average IR with Viscosity at 275 F  at 35 Degrees Celsius
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Fig 5.27 Correlation o f  Average IR with Viscosity at 275 F at 40 Degrees Celsius
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Fig 5.28 Correlation o f  Average IR with V iscosity
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The follow ing observations are noted
* As Viscosity increases IR increases for Aged samples
•  Viscosity decreases for corresponding IR in original samples
® The aged and original samples could be demarcated based on the IR
Wave Velocity Vs Penetration 
The Wave velocity and penetration are correlated at four different temperatures
for aged and original samples. The correlations for source 1 and source 2 for two
different grades are also noted. For different grade the changes in penetration values with 
ultrasonic measurement are analyzed.
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Fig 5.29 Correlation of Velocity with Penetration at 25 Degrees Celsius
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Fig 5.30 Correlation of Velocity with Penetration at 30 Degrees Celsius
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Fis  5.31 Correlation of Velocity with Penetration at 35 Degrees Celsius
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Fig 5.32 Correlation of Velocity with Penetration at 40 Degrees Celsius
The following observations are noted
• For penetration, velocity stayed at the range of 1.8 to 2.4 m/s
• Original/Aged source 2 AC 40 showed some correlation with increase in 
temperature. At Higher temperature, the velocity corresponding to it also 
increased. This factor could be related to asphalt binder 's  visco elastic nature.
® Original /Aged source 2 AC30 values stayed parallel to each other at different 
temperature
e Source 1 AC 30 and AC 40 did not show much of any trends.
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W ave Velocity Vs Viscosity at 140 F
The W ave velocity and viscosity at 140 F are correlated at four different 
temperatures for aged and original samples. The correlations for source 1 and source 2 
for two different grades are also noted. For different grade the changes in viscosity values 
with ultrasonic measurement are analyzed.
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Fig 5.33 Correlation o f  Velocity with Viscosity 140 F at 25 Degrees Celsius
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Fig 5.34 Correlation of Velocity with Viscosity 140 F al 30 Degrees Celsius
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Ü2 5.35 Correlation of Velocity with Viscosity 140 F at 35 Degrees Celsius
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Fig 5.36 Correlation of Velocity with Viscosity 140 F at 40 Degrees Celsius
The following observations are noted 
® For Viscosity at 140 F, 30 degree Celsius is a point of aberration as the value for 
viscosity for coppcrstate Ac 40 changed and came back to same numbers at 
higher temperature.
e The range for velocity shifted for all the samples at 30 degree Celsius to 1.5- 2
* Koch AC 30 aged/ original data change with temperature, and velocity shows no 
correlation.
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W ave Velocity Vs Viscosity at 275 F
The Wave velocity and viscosity at 275 F are correlated at four different 
temperatures for aged and original samples. The correlations for source 1 and source 2 
for two different grades are also noted. For different grade the changes in viscosity values 
with ultrasonic measurement are analyzed.
VELOCITY v s  VISCOSITY 2 7 ?  AT 25 C
VELO CITY A IM /SE C ;
Fig 5.37 Correlation of V elocity with V iscosity 275 F at 25 Degrees Celsius
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Fig 5.38 Correlation of Velocity with Viscosity 275F at 30 Degrees Celsius
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Fig 5.39 Correlation of Velocity with Viscosity 275 F at 35 Degrees Celsius
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Fig 5.40 Correlation of Velocity with Viscosity 275 F at 40 Degrees Celsius
The following points are noted
• For Viscosity at 275 F shows similar trends as viscosity at 140 F, 30 degree 
remains the point where dramatic change are seen , but could not be explained..
* The range for velocity shifted for all the samples at 30 degree Celsius to 1.5- 2 
m/s
® No particular trends could be found.
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CHAPTER 6 
CONCLUSIONS A N D  RECOMMENDATIONS
Discussion o f  Results 
The use of Non contact ultrasound test on asphalt binder looks promising. The IR 
(integrated response) could be used one day in place of physical property test. W e are not 
able to prove it conclusively, but the correlation of IR and parameters shows some trends 
which are needed to be researched. Some o f  the following aspects which may ha\ c 
caused some errors are highlighted as points.
® The controls for the test like temperature and ultrasound setting was addressed, 
but the chemical changes occurring in asphalt binder was not taken in 
consideration
•  The factor like humidity affects the ultrasound waves passing through the 
samples, the corrections for humidity factor was not done because of less data. 
This factor could be one important factor for error generated on the graph plotted.
• Better screening of asphalt binder for the test could have reduced the aging of 
binder and thus more accurate information on the samples.
® The test results of asphalt binder were considerably old and because of oxidation 
some change could have occurred.
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« The parameter for the ultrasound lest were kept constant for all the test , human
error on the part o f author while conducting the test could be another factor for 
data.
Conclusions and Recommendations 
Based on the results o f analysis the following conclusions are drawn:
1. There is some correlation in the results o f IR and physical properties.
2. The results of IR/ Velocity with temperature give a peek on some factor which still 
remains to be answered. The IR / velocity of sample correlation showed peak at 30 
degree Celsius which needs to further researched with chemical analysis at various 
temperature.
3. This research is unable to prove the correlation conclusively but some trends are 
noticed. Further research would help in identifying setup conditions reduce the errors 
generated.
Further research and studies are recom mended to evaluate and understand how IR 
behaves with asphalt binder properties. The changes in chemical structure of asphalt and 
ultrasound could answer some of the questions left unanswered.
0 /
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